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Abstract.  In this small scale study the possibility of numerical analysis of direct punch velocity is investigated. The aim 
was to distinguish the level of training of the participants based on the numerical analysis. The measuring devices are 
described and experiment designed. Different methods of data analysis are proposed and examined. The results are 
summarized and compared. Promising trends are highlighted. It is concluded that some aspect of the numerical analysis 
seem promising for future use for level of training classification. 
Keywords: Direct punch, Professional defence, Level of training, Velocity, High-speed camera. 
INTRODUCTION 
The striking techniques (punches and kicks) are one of the basic elements of the majority of combat sports [2], 
martial arts [5] or combat systems [9]. In these techniques the striking energy [8] is typically transferred through 
arms, legs or head. The direct punch is delivered in such manner that the arm follows a direct line. The hitting area is 
a closed fist [11]. The purpose is to stop the attacker and also to increase distance between the defender and the 
attacker.  In the following experiment the punch was delivered by the back hand (See FIGURE 1.). 
In this initial study the direct punch velocity is closely analyzed. The aim was to measure the velocity of direct 
punch and further to find out whether there are any dependencies of velocity on level of training of the participant. 
 
 
FIGURE 1. Direct punch [11] 
 
MEASURING STATION 
A high-speed camera Olympus i-Speed 2 was used for measuring of velocity. This camera has CMOS 800x600 
sensor, full resolution recordings to 1000 fps (fps = frames per second) and 33000 fps maximum recording speed. 
We used recording speed 1000 fps [1, 6, 10]. 
During this experiment we used only one camera, so we choose direct punch from all striking techniques because 
only this punch is made directly. The result is that during the whole movement of the hand we have had a focused 
image.   
The measuring station consists of a punching bag and a construction of its suspension. Paper with two 
perpendicular lines was stuck on the right of the punching bag. Horizontal line was for leading the hand during 
movement. The aim of the vertical line was to determine the beginning of data analysis. The result was that the all 
direct punches were measured in the same distance from punching bag. This distance was 60mm. The end of the 
measuring was at the moment when the movement of the hand was stopped in axis “x” – the deformation of 
punching bag was at the maximum. 
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FIGURE 2. Measuring station 
 
EXPERIMENT 
The total of 30 participants took part in the experiment; 24 men and 6 women. Based on the previous training the 
participants were divided into following three groups: 
¾ Untrained – These people have never done any combat sport, martial art or combat system.  They have no 
theoretical knowledge of the striking technique. The technique was presented to these people before the 
experiment for safety reasons. Noted further as UTM (for men). 
¾ Mid-trained - These people have the theoretical knowledge of striking techniques and they have attended 
the Special physical training course for at least six months. The course is focused on self-defence and 
professional defence. Noted further as MTM (for men) and MTW (for women). 
¾ Trained – These people do some combat sports, martial arts or a combat system for longer than two years. 
Noted further as TM (for men). 
During the experiment each person made one strike (Except one man from training group. He did two strikes.). 
During the measurement the target was positioned in such manner that the center of the punching bag was in line 
with the striking person´s shoulder. That way the punches have the maximum velocity and force (as there is no 
decomposition of force or velocity into the other axes). The person was made to stay at the same place for the whole 
experiment. Any unnecessary movement (e. g. lunge etc.) would lead to data distortion. 
Reflective markers with diameter 10mm have been stuck on the hand of each person. 
 
 
FIGURE 3. Reflective markers 
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NUMERICAL ANALYSIS AND RESULTS 
For data analysis the i-Speed Control Software was used. It is used for image analysis and for image processing – 
modification of contrast, brightness etc. On the basis of sequential labeling of markers on hand the software it is able 
to calculate the velocity of the hand. The rate of images (1000 fps) and the distance of markers between two images 
are known. 
The MINITAB software was used for velocity analysis. 
There were four categories of data analysis: 
¾ Version A: We used all data from measuring – the beginning of measuring was in distance of 60mm in 
front of the punching bag, the end was at the moment when the movement of the hand has stopped in 
axis “x” (the deformation of punching bag was at the maximum). 
¾ Version B: We used only 20 values - the beginning of measuring was in distance of 60mm in front of 
punching bag, the end was after 20 sequence values.  
¾ Version C: We used data after first hand contact with punching bag – the beginning of measuring was at 
the moment when the closed fist made a contact with punching bag. The end was at the moment when 
the movement of the hand has stopped in axis “x” (the deformation of punching bag was at the 
maximum). 
¾ Version D: We used only 20 values after first contact of hand with punching bag - the beginning of 
measuring was at the moment when the closed fist made a contact with punching bag, the end was after 
20 values. 
 
The results are presented in Tables 1 – 4. In the following tables the promising trends are highlighted by bold 
values. As promising it is understood that the higher is the level of training the higher is the actual value of the 
numerical expression.  
 
TABLE 1. Version A – mean values for category (by level of training) 
 Mean StDev CoefVar Minimum Maximum 
UTM 3,169 1,6269 51,85 0,836 5,989 
MTM 2,848 1,8631 65,65 0,485 6,325 
TM 4,203 2,5450 60,13 0,727 8,109 
MTX 2,022 1,2390 61,05 0,449 4,347 
 
 
TABLE 2.  Version B – mean values for category (by level of training) 
 Mean StDev CoefVar Minimum Maximum 
UTM 3,964 1,3220 34,20 1,983 5,989 
MTM 4,355 1,3558 31,27 2,475 6,325 
TM 5,776 1,8560 31,66 2,880 8,109 
MTX 2,832 1,0195 35,64 1,463 4,347 
 
 
TABLE 3.  Version C – mean values for category (by level of training) 
 Mean StDev CoefVar Minimum Maximum 
UTM 2,865 1,4469 50,62 0,835 5,736 
MTM 2,324 1,4458 62,29 0,485 5,658 
TM 3,593 2,1850 60,02 0,727 7,751 
MTX 2,865 1,4469 50,62 0,835 5,736 
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TABLE 4.  Version D – mean values for category (by level of training) 
 Mean StDev CoefVar Minimum Maximum 
UTM 3,328 1,3099 39,52 1,618 5,736 
MTM 3,220 1,1832 37,08 1,628 5,658 
TM 4,520 1,8500 40,37 1,962 7,751 
MTX 1,925 0,8560 44,81 0,920 3,808 
 
CONCLUSION 
In this paper it was investigated the possibilities of applying numerical analysis on the direct punch velocity data. 
Experiments were undertaken in order to collect the data and several ways of the data analysis were investigated. 
Based on the presented results it seems that the most promising approach is the version B (Table b). There are very 
promising trends and correlations between the numerical values and the level of training  These promising results 
will be analyzed further in the future research that will include higher number of participants and more extensive 
data analysis. 
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